Synergistic antitumor efficacy of redox and pH dually responsive micelleplexes for co-delivery of camptothecin and genes.
Challenges remain to load and deliver two or multiple drugs of complementary effects for synergistic cancer therapies. In the current study, multiarmed amphiphilic copolymers of 4-arm poly(ethylene glycol) (PEG) and polyaspartate (PAsp) are created for conjugation of camptothecin (CPT) and condensation with tumor necrosis factor-α (TNF) plasmids. Diethylenetriamine (DET) is grafted on PAsp, and CPT is conjugated onto PAsp(DET) by disulfide linkages to form hydrophobic cores of micelles, followed by condensation with TNF plasmids to form micelleplexes. The cis-aconitic linkers are introduced between PEG and PAsp(DET) to remove PEG shells in response to acidic pH, resulting in destabilized micelleplexes and prompted endosomal escape into the cytosol. The micelleplex disintegration in response to reductive stimuli in the cytosol leads to an efficient CPT release and pDNA disassociation. The co-delivery of CPT with TNF plasmids enhances the gene transfection of micelleplexes at low N/P ratios, and shows synergetic cytotoxicities to tumor cells with 2.5 and 8 folds lower IC50s compared with those after treatment with CPT or TNF alone, respectively. The micelleplex treatment on 4T1 tumor models dramatically extends the animal survival and suppresses the tumor growth with 2.3 and 3 folds lower in volume compared with CPT or TNF treatment alone, respectively. Histological and biochemical analyses display TNF expressions in tumor tissues after micelleplex treatment, resulting in significantly larger necrotic regions in tumors, higher cell apoptosis rates, and no obvious sign of tumor metastasis in lungs compared with other treatment. Therefore, the multifunctional micelleplexes based on multiarmed PEG-PAsp(DET) copolymers offer the targeted drug/gene delivery, dually responsive drug/gene release and synergistic antitumor efficacy, holding great promises for combination therapies. Micelleplexes are constructed from multiarmed amphiphilic copolymers with conjugation of captothecin (CPT) and condensation of tumor necrosis factor-α (TNF) plasmid. The pH/redox stimuli realize co-delivery of CPT and pDNA in a sequential manner of folate-mediated endocytosis, endosomal escape induced by PEG cleavage, reduction-sensitive release of CPT in cytosol, and pDNA release from disintegrated polyplexes after CPT release. Compared with CPT or TNF treatment alone, the micelleplexes achieve 2.5 and 8 folds higher cytotoxicities to tumor cells, and suppress the tumor growth with 2.3 and 3 folds lower in volume, respectively. It demonstrates a feasible strategy to develop multifunctional micelleplexes with simultaneous drug conjugation and pDNA condensation, dually responsive drug/gene release and synergistic antitumor efficacy, holding great promise for combinational therapies.